A 16-year-old boy developed bronchiolitis obliterans (BO) 10 years after BMT for myelodysplastic syndrome. Although the patient complained of almost no dyspnea on exertion, he had mild hypercapnea with a markedly reduced forced expiratory volume of 0.32 l. Chest Xrays showed occasional bilateral minimal pneumothoraces, which is in accordance with the existence of multiple small bullae found on the pleural surface at videoassisted thoracic surgery. Histologic examination of the biopsied lung revealed BO. This case indicates that BO in adolescence following BMT and possible chronic GVHD may be masked because of lung immaturity at BMT, and BO after BMT may be associated with multiple pleural bullae. Keywords: bronchiolitis obliterans; BMT; pneumothorax; GVHD Bronchiolitis obliterans (BO) is a localized inflammatory process of the bronchioles featuring fibrotic obliteration of the lumen. BO is a characteristic pulmonary complication which occurs usually within a few years after BMT. [1] [2] [3] We report a patient with asymptomatic BO and bilateral pneumothoraces caused by multiple bullae after BMT.
Bronchiolitis obliterans (BO) is a localized inflammatory process of the bronchioles featuring fibrotic obliteration of the lumen. BO is a characteristic pulmonary complication which occurs usually within a few years after BMT. [1] [2] [3] We report a patient with asymptomatic BO and bilateral pneumothoraces caused by multiple bullae after BMT.
Case report
A 16-year-old male was referred to our outpatient clinic because of abnormal shadows after a routine chest radiogram despite no respiratory symptoms (Figure 1a) . At the age of 6, he had been diagnosed with myelodysplastic syndrome, for which he had received an allogeneic BMT from his HLA-matched sister after a preparative regimen with a total of 12 Gy TBI in six fractions and CY at a dose of 1 g/day for 2 days. He developed grade I GVHD with a mild skin rash and good response to CsA treatment. No chronic GVHD symptoms were observed over the 10 years after BMT. He had no other symptoms except for retardation of growth (his height was 136 cm (81% of standard) and his weight was 23 kg despite being 16 years of age). The previous chest radiogram taken at 13 years of age showed normal lung fields.
Arterial blood gas analysis revealed mild hypercapnea (PaCO 2 50.0 Torr) with normal oxygenation (PaO 2 89.5 Torr). Pulmonary function tests showed reduced vital capacity (0.45 l, 20.8% of predicted), severely reduced forced expiratory volume in one second (0.32 l, 10.2% of predicted), and moderately reduced total lung capacity (1.40 l, 50.6% of predicted) with elevated residual volume (1.05 l, 172.3% of predicted). The chest radiogram on admission showed slight bilateral pneumothoraces, bilateral pleural thickening, and linear shadows in the right lower lung fields ( Figure 1a ). Computed tomographic scan of the lung revealed in addition consolidation in the right lower lobe and nodular shadows in the right lung field ( Figure  1b ). Bullous changes on the pleura were not detected by CT.
A video-assisted thoracoscopy revealed small multiple bullae on the left lung surface (Figure 2a ). Histological examination of the biopsy specimen revealed complete obstruction of the bronchiolar lumen without any spread of fibrosis into other air spaces or interstitium. This obstruction was replaced by scarring from an old inflammatory process. Thickening of the intima of the pulmonary artery in the same segment was noted along the obstructed bronchiole (Figure 2b ). The distal part of the obstructed airway was ectatic, as is commonly the case at the site of airway obstruction, probably due to the check-valve mechanism. The bronchiolo-ectasis was also found in the subpleural area, with bullae formation (Figure 2c ). These findings led to a diagnosis of BO, a probable result of allogeneic BMT.
Although the right pneumothorax came and went spontaneously, the left pneumothorax required insertion of a chest tube due to a post-thoracoscopic complication. Because the patient experiences no dyspnea or respiratory symptoms in his daily school life, he is currently being followed without treatment.
Discussion
Bronchiolitis obliterans is an inflammatory process of the bronchioles leading to fibrotic obliteration of the bronchiolar lumen. It occurs after various types of injury to the lung. The number of patients with BO after BMT is increasing. [1] [2] [3] While BO represents a nonspecific, common histological tissue reaction at the level of the small airways, the basic immunologic mechanism after BMT is unknown. 4 In most cases, BO after BMT develops within a few years after transplantation. 1 In the present case, however, BO was diagnosed and appeared to have developed a full 10 years after BMT. The patient complained of no respiratory symptoms throughout this 10-year period despite his current severely impaired pulmonary function. Pulmonary function tests in pediatric patients after BMT reveal that patients may have subclinical restrictive pulmonary function without any respiratory symptoms. 5 A discrepancy between the results of pulmonary function tests with the vital capacity close to the tidal volume and the lack of symptoms in this case may be due to substandard height and weight secondary to growth retardation. The occurrence of BO is reported to be associated with chronic GVHD. 6, 7 The absence of overt chronic GVHD may explain the slow progression of BO after BMT in this patient.
Multiple pleural bullae and bilateral recurrent pneumothoraces were noted in this patient. The biopsy specimen was too small to elucidate the role of BO in the bullae formation, but the pathological findings of bronchiolo-ectasis in the distally obstructed airways close to the bullae under the visceral pleura strongly suggested BO as the cause of the recurrent pneumothoraces. Pneumothorax and/or pneumomediastinum after BMT have been reported. [8] [9] [10] A very similar case of BO and bilateral pneumothoraces with multiple bullae after BMT was recently reported. 8 The authors suggested that multiple bullae might be caused by the check valve mechanism secondary to obliterated bronchioles. Another two cases who developed pneumothoraces or pneumomediastinum as a complication of BO after BMT without evidence of multiple bullae have been reported. 9, 10 Although this case was diagnosed as BO, parenchymal consolidation and pleural thickening suggested the existence of other complications in the lung. Both CY and TBI cause lung injury, lead to interstitial pulmonary fibrosis, but rarely cause pleural disease. 11, 12 While multiple bullae and BO are probably the consequence of the tissue reactions after BMT, the use of CY and TBI during lung maturation may disrupt the formation of the elastic fiber network of the pleura.
In conclusion, bullae may occur as a complication of BO after BMT, resulting in pneumothoraces. This suggests that patients with pneumothoraces after BMT should be regarded as being in the process of developing BO.
